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Timber prices belong to the most important variables affecting the optimality of forest
management. On the other hand, forecasting of timber prices is very uncertain. One
difficulty when using past time series data in forecasting future timber price develop-
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trends, variation in future timber prices, and the probabilities of price peaks taking place
in the future are estimated with expert judgments as the basis. A case study involving 12
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timber assortments in the country. The model produced can be utilised in the optimisation
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1 Introduction

A good planning process produces information
not only on the expected consequences of alter-
native plans, but also on the uncertainty involved
in the decision-making process. In calculations
of forest management planning there are several
sources of uncertainty. These arise from the de-

velopment of both economic and biological vari-
ables as well as from the social context. Future
development of timber prices is affected by both
economic and social aspects. Examples of the
latter are the processes how price levels are ne-
gotiated by sellers and buyers, or by their repre-
sentatives, and how casewise actual prices are
agreed upon in individual deals.
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Timber price uncertainty can be taken into
account by formulating a stochastic model for
timber prices and by simulating price scenarios
using that model. The model produces simulated
timber price scenarios for the planning period,
and these can be used to compute the utility of
alternative forest management plans. Utility dis-
tributions describing the uncertainty involved in
decision alternatives can be derived by repeating
the stochastic simulation process several times.
Timber price uncertainty can be taken into ac-
count in optimisation calculations by utilising
these distributions (Pukkala and Kangas 1996).

Earlier, we have shown how timber prices,
including price peaks (i.e. the exceptionally high
timber prices observed in the early 1950s and
mid-1970s) can be modelled for the purposes of
tactical forest planning by means of time series
analysis (Leskinen and Kangas 1998). Model-
ling of price peaks is important especially when
studying the adaptive behaviour of forestry deci-
sion-makers. Kangas et al. (2000) showed how
timber price modelling as presented by Leskinen
and Kangas (1998) can be integrated with tacti-
cal forest planning.

If it is supposed that the variation in future
timber prices is similar to that of past price devel-
opment, the simulation model could be estimated
on the basis of past time series data, as in Les-
kinen and Kangas (1998). Unfortunately, there
is no guarantee of this. For example, changes in
the social context can have drastic effects on
timber price formation. In Finland, the national
price agreement system, as applied in the 1980s
and early 1990s, has been replaced by less-cen-
tralised negotiations between buyers and sellers.
As one aim of the national price agreement sys-
tem was to decrease timber price variation, a
question of interest is the size of future timber
price variation. Therefore, it is not necessarily
optimal to rely on time series data, but attempts
are needed to incorporate information external
to past history into the simulation model. We
should simulate realistic scenarios for future tim-
ber prices, not for past development.

The problem can be considered from the econo-
metric perspective, with interest focusing on fu-
ture supply and demand functions for various
timber assortments. Based on supply and de-
mand, future timber prices could then be derived

as equilibrium prices (e.g. Gong 1990). How-
ever, this requires that the values of the explana-
tory variables in the supply and demand func-
tions, for example, should be forecasted. For the
purposes of tactical forest planning typically ap-
plying time horizons of 5 to 20 years, and strate-
gic planning covering 10 to 50 years, this seems
to be unnecessarily complicated due to large
number of uncertain components in the model.

Webby and O’Connor (1996) reviewed the lit-
erature of judgmental and statistical time series
forecasting, and concluded that the major contri-
bution of judgmental approaches is the ability to
integrate non-time series information into the
forecasts. In this study, an approach is presented
for constructing a timber price model by utilis-
ing both time series modelling and expert judg-
ments. Besides the past development of timber
prices, the aim is that also information on the
changes in economic and social contexts, as anti-
cipated by human experts, can be considered. The
model can be used in tactical forest planning so
that the uncertainty in timber price forecasts can
be taken into account in optimisation calculations.

The approach is based on the time series mod-
el by Leskinen and Kangas (1998). In the ap-
proach, expert judgments are used to consider
future price trends, variations in future timber
prices, and probabilities of price peaks during the
next 20 years, these being the central parameters
of the time series model. Judgments are made
concerning each important timber assortment in
Finnish forestry. A case study was carried out in
order to test and illustrate the approach, and
twelve experts were recruited for the study in-
cluding participants from the forest industry (buy-
ers), forest landowners (sellers), and researchers.

2 Time Series Model

Leskinen and Kangas (1998) constructed a time
series model for logging-year-specific average
timber prices in Finland for sawlog and pulp-
wood of different tree species (Figs. 1 and 2;
years 1950–1996). The purpose was to model
past timber-price variation, and the model can be
used to simulate future timber-price scenarios by
assuming that future variation will be similar to
that of the past. The observed timber-price varia-
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tion was divided into two different processes,
one for price peaks, i.e. exceptionally high tim-
ber prices observed in the early 1950s and mid-
1970s, and the other for the so-called normal
price variation, including the rest of timber-price
variation.

The identification of a suitable time series
model for normal price variation is problematic
because of the small number of observations.
Leskinen and Kangas (1998) used the AR(1)
(autoregressive process of order one) model,
which is the simplest reasonable time series model
for normal price variation. Let Xt be the logarith-
mic timber price observed in year t after elimi-
nating the price peaks (see details in Leskinen
and Kangas 1998). The AR(1) model is of the
form

X X X X Zt t t− = − +−α( )1 (1)

whereX is the average of Xt (i.e. estimate of
population mean) and Zt ~ NID(0, σ 2), or the
variables Zt are independently and normally dis-
tributed random variables with a mean zero and
variance σ 2. The AR(1) process is defined to be
stationary, i.e. |α | < 1. Based on residual diag-
nostics, the AR(1) model seemed to fit suffi-
ciently well, e.g. no parameter for trend was
needed. However, the parameter estimates are

rather uncertain because of the small number of
observations used. The cross-correlation (e.g.
Chatfield 1996) structure of Zt between different
time series was taken into account by using the
Cholesky decomposition (e.g. Ripley 1987).

In addition to normal price variation, price
peaks were taken as the other part of the ob-
served time series. Due to the small number of
observations, the model specification for price
peaks is uncertain, but it is better to take into
account the features of the observed data, unless
there is no reason to believe that the occurrence
of price peaks is not possible in the future. Be-
sides, the price peaks can have large impacts on
the choice of optimal forest plan.

The occurrence of price peaks was taken as a
sequence of independent Bernoulli trials, i.e.
a price peak occurs in year t with the probability
of p, and it does not occur with the probability
of 1 – p. The effect of price peak Vt on a logarith-
mic scale was assumed to be of the form
Vt ~ NID(µV, σV

2). Besides the actual price peaks,
it is also possible that the price peak effect could
last several years. Leskinen and Kangas (1998)
modelled the decreasing effect of price peak at
t = t0 with lag i, Vt0+i, by

V V it i
i

t t i0 0 0
1 2+ += + =φ η , , , (2)
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Fig. 1. Real timber prices for sawlog species (index of
cost of living, base year 1996). The year 1974, for
example, refers to the logging year 1.7.1973–
30.6.1974.
Lines: Pine —— , spruce – – – , and birch - - -

Fig. 2. Real timber prices for pulpwood species (index
of cost of living, base year 1996). The year 1974,
for example, refers to the logging year 1.7.1973–
30.6.1974.
Lines: Pine —— , spruce – – – , and birch - - -
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where 0 ≤ φ < 1, and ηt0+i ~ NID(0, ση
2). The

empirical estimates of price peak parameters can
be found in Leskinen and Kangas (1998). For
example, µ̂V = 0.686.

3 Expert Judgment

The time series model can be used to describe
the past timber price variation, but the model
does not necessarily produce optimal description
of future timber prices. The model is also unreli-
able in the description of past variation due to
the small number of observations. The purpose
of expert judgments is to incorporate into the
time series model new information that is exter-
nal to past history.

A questionnaire on future timber prices was
sent to the 12 judges. They represented a high
level of expertise in Finnish timber price markets,
including participants from the fields of research,
forest industries, and forest owners’ organisations
with 4 persons from each of these. One participant
from forest industries represented a big forest in-
dustry company in Finland, one was from another
big company, and one from a medium sized me-
chanical wood industry company. The first two
companies buy and use all the timber assortments
considered in the study, and they operate widely
in the international markets. The fourth partici-
pant from forest industries came from the Finnish
Forest Industries Federation. Participants from
forest owners’ organisations were taken as repre-
sentatives of timber sellers. One of them was an
executive director at a Regional Union of Local
Forestry Societies, one was a leader of a Region-
al Forestry Centre, one came from the Central
Union of Agricultural Producers and Forest Own-
ers. The fourth one was a farmer and timber sell-
er involved in many tasks of different forest own-
ers’ organisations. The researchers participated in
the study came from the Finnish Forest Research
Institute (two persons), University of Helsinki,
and University of Joensuu.

The experts were asked to present their views
concerning the trend in timber prices, the size of
timber price variation, and the occurrence of
price peaks within the next 20 years (1997–2016).
The other components in the simulation model
were excluded from the questionnaire; their ef-

fects can be considered through sensitivity anal-
yses in practical applications.

The aim of the study was explained in detail to
the experts, whose anonymity was also guaran-
teed. The time series plots shown in Figs. 1 and 2
were given to judges, and the model structure was
clarified, especially the separation of the process-
es for price peaks and normal price variation. The
experts were able to present their views about
future timber prices freely without any restrictions
to pre-determined factors. Also, they had the op-
portunity to comment concerning the reasoning
behind their judgments as well as concerning the
approach in general. Special attention was paid to
the clarity and simplicity of the questionnaire.
Thus, it was not always possible to directly ask
about the values of the parameter estimates of the
time series model, but more understandable ways
were needed (e.g. Kadane et al. 1980).

3.1 Trend

The judges were handed time series plots of
timber prices for pine, spruce, and birch saw-
logs, and pine, spruce, and birch pulpwoods af-
ter eliminating the price peaks and lag-effects.
Besides normal price variation, the figures in-
cluded a line corresponding to the geometric
mean of normal price variation over the period
1950–1996. The means for pulpwood species
were computed directly from the data, but some
changes were made for sawlog species, because
pine and spruce sawlogs were not separated in
forestry statistics before the year 1979, and be-
cause the first available birch sawlog observa-
tion was from the year 1974.

The experts were asked to give their estimates
as to how the mean timber price (real prices,
base year 1996) for each type of timber would
change during the period of 1997–2016. The
trend alternatives corresponding to 0 %, ±5 %,
±10 %, ±15 %, and ±20 % change of mean
timber price within the next 20 years were illus-
trated graphically for each type of timber. The
experts were in a position to choose the alterna-
tive best describing his/her opinions, or to give
some other percentage change. Fig. 3 refers to
+20 % change for pine sawlog, and Fig. 4 to
–20 % change for birch pulpwood.
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3.2 Timber Price Variation

Besides the geometric mean, upper and lower
limits were given to the experts in the form of
graphical illustrations such as Figs. 3 and 4. In
the case of pine sawlog, for example, the limits
were computed so that in logarithmic scale, the
mean timber price (i.e. the logarithm of the geo-
metric mean, or the arithmetic mean of logarith-
mic timber prices) were added and subtracted by
0.2 units; this corresponded to about 40 % width
of the “price tube” with respect to the geometric
mean. The limits ±0.2 were used also for other
sawlog species, as well as for spruce pulpwood.
The corresponding limits for pine and birch pulp-
wood were ±0.3, and ±0.5, respectively. The
idea of adjusting the limits was to have a tube
covering most of the observed normal price varia-
tion, but occasionally these limits were exceeded
during the period 1950–1996.

The experts were asked to consider the trend
that best describes their opinions as to future
timber price development, the corresponding up-
per and lower limits, and their task was to evalu-
ate the probability that timber prices would stay
within these limits in the period of 1997–2016.
The upper and lower limits in 1997–2016 asso-

ciated with the chosen trend were computed as
for the period 1950–1996, e.g. a trend ±0.2 limits
in the logarithmic scale. The probability of fu-
ture timber prices staying within these limits
were defined to experts so that it equals to 0.9,
for example, if 10 % of the future timber prices
are outside the limits. Thus, the probability was
defined as the average of single probabilities
over the 20 years.

The parameter for timber price variation in
Equation (1) is the residual variance σ2, which is
computed based on the probability given by
the expert as follows. Let X0 denote the last
observed timber price (year 1996), and let l = 1,
2, ..., 20 refer to the forecasting period 1997,
1998, ..., 2016. Then, given the data, E(Xl –X) =
α l(X0 –X),  i.e. X0 has a decreasing effect on the
expected value of the AR(1) process. Further,
given the data, (e.g. Box et al. 1994, p. 159)

Var( )
( )

X Xl

l

− = −
−

σ α
α

2 2

2
1

1
(3)

so that also the variance depends on l. Now one
can use the estimate of α obtained from the data,
the upper limit, the lower limit, the (X0 –X), and
some σ 2 to compute the corresponding average
of single probabilities over the forecasting period,
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Fig. 3. Real timber prices for pine sawlog after elimi-
nating price peaks, the line of geometric mean,
and ±0.2 limits of logarithmic prices in 1950–
1996. In years 1997–2016, the geometric mean,
and the corresponding upper and lower limits re-
fer to 20 % increase within 20 years.

Fig. 4. Real timber prices for birch pulpwood after
eliminating price peaks, the line of geometric mean,
and ±0.5 limits of logarithmic prices in 1950–
1996. In years 1997–2016, the geometric mean,
and the corresponding upper and lower limits re-
fer to 20 % decrease within 20 years.
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because normality of Zt implies normality of
Xl –X. If the computed probability is not equal
to the probability given by the expert, σ 2 will
have to be changed.

The question of the probability that future tim-
ber prices will stay within the limits were formu-
lated as the average probability of each of the 20
years, but this is not the only alternative. For
example, the probability could have meant ratio
of 1’s and 0’s, were 1 would mean that the
timber prices are within the limits in each of the
20 years, and 0 means that the timber price is
outside the limits at least in one of the years. The
third alternative would be to consider a single
year at the end of the forecasting period. Then
the calculations can be simplified, because
E(Xl –X) → 0, and Var(Xl –X) → σ 2 / (1 – α2),
when l increases. On the other hand, the upper
and lower limits could be formulated according
to the variance function of Equation (3).

Perhaps more important than the definition of
the probability or the formulation of the price
limits, a set of reference probabilities were given
to experts. Namely, one aim of the question about
timber-price variation in the future was to have
information about the changes in the Finnish
timber-price markets, although it was empha-
sised to experts that they do not have to concen-
trate entirely on these changes. However, in 1980s
and early 1990s timber prices in Finland were
based on a national price-agreement system be-
tween representatives of buyers and sellers.
Among other things, the system was aimed at
decreasing timber-price variation (Simula 1992).
There were also agreements before the 1980s,
but not to the same extent as in the 1980s and
early 1990s. In 1995, the national price-agree-
ment system was changed into regional along
the European Union, and since 1997 negotia-
tions have been conducted at the level of indi-
vidual companies and the representatives of for-
est owners.

The probabilities associated with upper and
lower limits, which lead to residual variance σ2

estimated from the periods a) 1950–1979, b)
1950–1996, and c) 1980–1991, were given to
the experts (Table 1). The probabilities were
based on the estimates of α from the entire data
(i.e. 1950–1996). Some corrections had to be
made for birch sawlog estimates (α, and σ2) due

to lack of observations. Estimation period c) de-
scribes the national price-agreement system, and
period a) represents a more sparse practice. Esti-
mation period b) includes also the years 1992–
1996, when timber prices were formed with or
without agreements. Period c) produced the small-
est residual variance and the largest probability,
period a) had the largest residual variance and
smallest probability, and period b) was an inter-
mediate alternative. The idea was not that the
expert makes the choice between the three given
alternatives, but answers could be given without
any restrictions. However, due to Table 1, the
experts can evaluate the potential magnitude of
the probabilities. Also, it was thought that differ-
ent interpretations of expressions like “high prob-
ability”, and “low probability” could become
more homogeneous.

3.3 Occurrence of Price Peaks

The last part of the questionnaire addressed the
issue of the probability of future price peaks
during the period of 1997–2016. It was empha-
sised to the experts that the idea was not to
forecast the years when price peaks occur, but to
evaluate, if the occurrence of exceptionally high
timber prices is possible in the future, and what
the probability of a price peak in a single year
might be. The reference probability was given to
experts based on Figs. 1 and 2, i.e. the estimate
for price peak probability in year t was 2/47 =
0.043, because two price peaks had occurred (in
the early 1950s and mid-1970s) within a period
of 47 years.

Table 1. The probabilities that timber prices are within
the price limits with three different estimation
periods of the residual variance.

Type of timber a) 1950–1979 b) 1950–1996 c) 1980–1991

Pine sawlog 0.83 0.86 0.92
Spruce sawlog 0.78 0.82 0.99
Birch sawlog 0.86 0.91 0.9996
Pine pulpwood 0.76 0.81 0.97
Spruce pulpwood 0.75 0.79 0.95
Birch pulpwood 0.67 0.73 0.87
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4 Results

The average percentage change over the 12 ex-
perts suggested an increase in mean timber price
within the next 20 years for all sawlog species,
and for spruce pulpwood (Table 2). In the case
of pine and birch pulpwood, the trend seemed to
be slightly negative. The average probabilities
that timber prices would remain within the price
limits varied between 0.82 and 0.85, i.e. the prob-
abilities were practically equal for all types of
timber (Table 2). This means that the experts
considered future variation to be slightly larger
than in the period 1950–1979 in the case of pine
and birch sawlogs, and to be the same as the
long-run average (i.e. the period 1950–1996) for
spruce sawlog (Tables 1 and 2). For all pulp-
wood species, the results indicated smaller tim-
ber-price variation that has been the case in 1950–
1996. The residual variances σ2 corresponding
to average probabilities over the 12 experts of
timber prices remaining within the limits were
0.016, 0.014, and 0.013 for pine, spruce and
birch sawlogs, and 0.024, 0.014, and 0.027 for
the pulpwood species, respectively. The average
probability of future peaks was 0.07 (Table 2),
so that the experts considered the occurrence of
future price peaks is possible.

The difference between the parameter estimates
obtained from the experts and the estimates ob-

tained from the time series analysis were illus-
trated graphically in the case of pine sawlog and
birch pulpwood (Figs. 5 and 6). Like before, in
Fig. 5 the period 1950–1996 refer to zero trend,
and the probability that timber prices are within
the limits ±0.2 is 0.86 for pine sawlog (Table 1),
and in Fig. 6 the corresponding limits and the
probability are ±0.5 and 0.73 (Table 1). In the
period 1997–2016, the trend is based on the aver-
age of all 12 judgments, i.e. +6.3 %, and –1.1 %
for pine sawlog and birch pulpwood, respective-
ly (Table 2). The limits for the period 1997–
2016 were computed by using the residual vari-
ances obtained from the average judgments (i.e.
0.016 and 0.027), and the probabilities from the
period 1950–1996 (i.e. 0.86 and 0.73). This leads
to limits ±0.22 (Fig. 5), and ±0.41 (Fig. 6). Com-
pared to period 1950–1996, it can be clearly
seen that the estimates based on judgment will
change the nature of simulated timber price sce-
narios. This can have significant impacts on for-
est planning depending on the nature of the case
study in question.

The within-group averages were computed in
order to compare the impact of the experts’ back-
ground on the results (Table 2). Because the
number of observations in each group was small,
the interpretations should be made with caution.
However, the representatives of forest owners
were positive in that timber prices would be

Table 2. The average results of the questionnaire for trend, probability that timber prices are
within the price limits, and the occurrence of price peaks divided into three background
categories of the participants. Column “Total” is average of all three categories.

Type of timber Research Industry Owners Total

Trend Pine sawlog +4.5 % +5.5 % +8.8 % +6.3 %
Trend Spruce sawlog +2.0 % +1.8 % +4.3 % +2.7 %
Trend Birch sawlog +6.3 % +8.5 % +11.3 % +8.7 %
Trend Pine pulpwood –1.8 % –3.0 % +3.0 % –0.6 %
Trend Spruce pulpwood +1.3 % +5.0 % +6.0 % +4.1 %
Trend Birch pulpwood –1.0 % –3.8 % +1.5 % –1.1 %
Probability Pine sawlog 0.83 0.82 0.80 0.82
Probability Spruce sawlog 0.83 0.83 0.80 0.82
Probability Birch sawlog 0.86 0.84 0.83 0.84
Probability Pine pulpwood 0.83 0.84 0.83 0.83
Probability Spruce pulpwood 0.81 0.90 0.83 0.85
Probability Birch pulpwood 0.85 0.83 0.80 0.83
Peaks 0.05 0.08 0.08 0.07
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higher in the future, whereas the group of forest
industry believed in smaller increase for every
type of timber. This indicates that the experts
could base their answers partly on their objec-
tives of future timber-price development. On the
other hand, the differences between average
trends of the industry and the forest owners was
not very large. The researchers had smaller ab-
solute values of percentage changes with respect
to most types of timber, i.e. they could be con-
sidered as being more cautious or conservative
in their judgments than industry or forest own-
ers. The average probabilities that timber prices
would remain within the limits and the average
probabilities of future price peaks were relative-
ly homogenous between the three groups.

According to the results, prices of pine and
birch sawlogs were expected to increase while
prices of corresponding pulpwood assortments
were expected to slightly decrease. Prices of both
spruce sawlog and spruce pulpwood were ex-
pected to increase so that the expected increase
for spruce pulpwood was higher than that for
spruce sawlog. According to comments given by
the experts, reasoning for these expectations in-
cluded the following, for instance:

– It is expected that the price of high quality saw-
logs is increasing in the world markets, and Finn-
ish sawlogs typically are, internationally compared,
of good quality.

– The price of birch sawlog is expected to increase
because of the diversification of corresponding
end products.

– Tropical hardwood is expected to be a tougher
and tougher competitor for birch pulpwood, so the
price of it cannot be expected to increase. This
partly holds with pine pulpwood as well. However,
it is expected that long-fibrous spruce pulpwood
will be able to well compete with short-rotation
wood material and tropical tree species.

– On grounds of the general structure of forests in
Finland, the supply of pulpwood, especially pine
pulpwood, is expected to increase while the sup-
ply of high quality large trees is expected to de-
crease.

– In mechanical wood processing industry, that uses
mainly sawlogs, the degree of working up will
increase.
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Fig. 5. Real timber prices for pine sawlog after elimi-
nating price peaks, the line of geometric mean,
and ±0.2 limits of logarithmic prices in 1950–
1996. In years 1997–2016, the limits are comput-
ed by ±0.22, and the geometric mean refer to 6.3
% increase.

Fig. 6. Real timber prices for birch pulpwood after
eliminating price peaks, the line of geometric mean,
and ±0.5 limits of logarithmic prices in 1950–
1996. In years 1997–2016, the limits are comput-
ed by ±0.41, and the geometric mean refer to 1.1
% decrease.
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5 Discussion

The benefits of both time series modelling and
expert judgments can be utilised by using the
method presented in this study. Time series
modelling gives background information on past
timber price development and a framework for
modelling expert knowledge. The purpose of
expert judgments was to incorporate new infor-
mation external to past history into the time series
model.

In Finland, the changes made in the price agree-
ment system a few years ago have caused a
situation where assumptions on price processes
remaining similar to the observed ones do not
necessarily hold. Another potential change af-
fecting future timber prices has been the one
taken place in forestry taxation policy. Although
the starting point of this study was the actual
situation in Finland, the approach in general could
be applicable elsewhere, too.

Timber price models for different timber as-
sortments can be used in the optimisation calcu-
lations of forest management planning. For ex-
ample, the models can be integrated with the
stochastic planning system presented by Pukkala
and Kangas (1996) to study forest management
and decision-making under risk and uncertainty
as well as the potential benefits of adaptive tim-
ber selling behaviour. This can be done in the
similar way as the models of Leskinen and Kan-
gas (1998) were applied in optimisation calcula-
tions of tactical forestry planning by Kangas et
al. (2000).

In the case study, the 12 experts had no oppor-
tunity to revise their original judgments. Ac-
cording to the feedback given by the experts,
most of them found the questions relatively easy
to answer, but some experts had slight difficul-
ties with some of the questions. One potential
improvement would be to apply an iterative ap-
proach, such as the well-known Delphi tech-
nique (e.g. Dalkey and Helmer 1962, Kangas et
al. 1998). In Delphi, experts are given feedback
from the first questionnaire round concerning
both their own and other experts’ answers, and
they then have an opportunity to revise their
judgments. The questionnaire rounds are then
repeated several times until the experts’ opin-
ions are close enough to each other, or it is clear

that the experts no longer change their views.
Through the iterations, it is possible to decrease
the variation between experts, and to eliminate
misunderstandings about the questionnaire.

A potential problem related to the question-
naire might be that the experts give approxi-
mately equal probabilities of the timber prices
remaining within the given limits for all types of
timber. Due to the choice of price limits, this
will lead to different development of the size of
timber price variation depending on the type of
timber. Therefore, it would be beneficial to check
if this is what the experts really have meant.
Here, Delphi iterations could be used.

A general concern in modelling expertise is
the management of the differences between the
experts’ judgments. Normally, each expert’s judg-
ments are given equal weight in the model esti-
mation, i.e. each expert is taken to be equally
competent. Another possibility would be to ap-
ply different weighting schemes with unequal
weighting of experts. The weights could be de-
rived according to, e.g., the level of knowledge
each expert represents as determined by the oth-
er participating experts, or the level of uncertain-
ty each expert feels his/her answers include. Un-
equal weighting could also be a remedy to “gam-
bling” of experts. This appeared to be the case in
this study, because the representatives of forest
owners expected high increase in timber prices
compared to the expectations of the opposite
side of the timber price markets.

Delphi iterations and weighting of experts are
potential ways of improving the approach. Be-
sides, the number of experts could be increased
to achieve wider and more reliable description
of the views in timber price markets. This would
probably require a more simplified questionnaire
than the one used in this study. Moreover, in
large scale sampling the population of experts
should be considered in a different way. For
example, a large sample from individual buyers
and sellers could be used, but this is not neces-
sarily possible with researchers specialised in
timber price markets in Finland. Also, average
timber prices concerning the entire Finnish tim-
ber markets could be divided regionally, because
there are differences in price development be-
tween regions.

From the methodological point of view, it



Silva Fennica 35(1) research articles

102

would be possible to take into account the varia-
tion between experts in forest planning calcula-
tions. For example, in a Bayesian framework
(e.g. Press 1989) the observed time series could
be used as prior information, and a posterior
distribution could be formed by using also the
expert judgments. In this way, the uncertainty
caused by the judgments could be captured in-
stead of merely averaging over experts. This
might also be one remedy to the uncertainties
caused by the small number of experts.
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